Introduction
Mast cells form a component of the immune system playing an important role in host defence. They reside in all the vascularised tissues, especially in all the connective tissues and mucosal surfaces of the human body, but mature cells cannot be identified in the circulation [1] . They are mobile and contain numerous granules, derived from haemopoietic progenitor cells, which emanate to the tissues to stanch as progenitor cells. They are also known as mastocyte or as labrocyte, derived from the Latin word mastocytus [2] , mast meaning "well fed" or "fattening" in German. It was first described by Paul Ehrlich in 1878 as cells belonging to the connective tissue staining purple to blue with aniline blue dye due to the presence of an abundant number of granules [1] . The morphology and cytogenicity of the mast cells differs according to the tissue and hence can be differentiated by staining for their contents [3] . The strategic role of these cells was in mediating type 1 hypersensitivity reaction, acting as effector cells in IgE-mediated host immune responses. They are activated by diverse mechanisms and hence secrete their products, thus playing an important role in sustaining health or backing to disease. They have been found to be significantly associated with increased mitotic activity, extracellular matrix degradation, angiogenesis, intensification of microvascular hyper permeability, and recruitment of inflammatory cells including macrophages [4] .
Material and methods
A literature search for mast cell-related oral squamous cell carcinoma was conducted in the PubMed database using related Medical Subject Heading (MeSH) terms: "Mast cell and Oral cancer" and "Mast cell and Oral Squamous Cell Carcinoma". From the late 1980s until the present, forty-five research papers have been published in the PubMed database. The research papers were included based on the following: (1) full-text availability; (2) research papers that were available in English language, and (3) papers having information on mast cell in oral cancer and oral squamous cell carcinoma. Research papers were excluded based on: (1) duplication of the titles, (2) mast cell research on non-oral tissue site of squamous cell carcinoma, and (3) research papers that had an incorrect web-link for full text accessibility. Twenty-three articles were excluded based on the inclusion and exclusion criteria of the study. Finally, twenty-two research papers were included in the present study to summarise the report on the role of mast cells in oral squamous cell carcinoma.
Mast cell biology in physiological conditions
Mast cells, in both morphology and function, resemble basophils. Initially they were thought to be basophils that reside in the tissue, but later they were identified as separate entities due to their development from different haematopoietic lineages [5] . The similarities between them are as follows: both secrete granules containing heparin and histamine, express high affinity receptor for IgE FcεRI under latent conditions, the method of degranulation, and the common precursor positivity for CD34 [6] . The features that distinguish them are as follows: basophils that are bi-lobed leave the bone marrow after maturation, and in case of mast cells having single rounded nuclei they circulate in an immature form and then mature at the proper tissue site. Basophils are not seen in normal tissue but can be seen at a local site due to stimulation by cytokines released from mast cells or T cells. In contrast, mast cells cannot be identified in circulation but can be seen in tissues. The major component of the granules of mast cells and basophils are heparin and chondroitin sulphate, respectively [7] .
Types
They are tissue resident sentinel cells and are divided into two types based on the substances present in their granules. They have been identified as connective tissue mast cells and mucosal mast cells. The granules secreted by the mast cells have been cloned and sequenced to categorise the clear dissimilarities between the two cell types. An abundant amount of chondroitin sulphate, little histamine, the presence of only tryptase (MC T ), and absence of chymase are important characteristics of mucosal mast cells. They are found abundantly in intestinal mucosa and alveolar spaces in the lung, ably their incidence is T-cell dependent. Connective tissue mast cells contain several neutral proteases, including tryptase, chymase (MC TC ), cathepsin G-like protease, and carboxypeptidase. They are found abundantly in skin, breast, gastrointestinal tract, myocardium, synovium, and conjunctiva and are T-cell independent [3] .
Ultra-structurally they are quite large round or ovoid cells that contain abundant membrane-bound granules, about 300 in number per cell. The nucleus is round to oval in shape, which is generally obscured due to their extensive content of electron-dense secretory granules. Irregular outline, numerous mitochondria, prominent Golgi, few smooth endoplasmic reticulum (SER), and some rough endoplasmic reticulum (RER) are a few important findings. In routine H&E sections they are less noticeable and can be easily missed. Each granule is enclosed by a membrane measuring about 0.2 to 0.8 microns in diameter, which may have electron-dense lamellae, crystalline lattices, or densely packed fine amorphous material [7] .
Functional activation
The chief function of the mast cells is that they participate in innate immunity. They have a wide array of receptors that sense environmental changes and are able to secrete various effector molecules. The effector molecules are stored in the form of granules such as serotonin, histamine, heparin, tryptase, and chymase. The other molecules synthesised de novo upon stimulation are the lipid mediators, certain prostaglandins, and leukotrienes, which are the chemical mediators of inflammation. Biosynthesis of a variety of cytokines that are associated with T-helper 1 (Th1) cells includes interleukin 1β (IL1-β), which is important for biosynthesis of angiogenic factors, interleukin (IL-10), and transforming growth factor β (TGF-β), which have a role in immunosuppression. The other sub- stances produced by mast cells, which deserve attention are the products of cyclooxygenase and lipoxygenase activities that have recently been shown to be a potent intestinal polyposis promoting factor in mice. The action of mast cells and release of all these mediators can occur within minutes of activation or can occur in a delayed fashion (over hours) [8] .
Mast cells will be activated classically via IgE receptor whenever a foreign antigen enters into the body by means of different signal transduction pathways through the receptors on its surface [9, 10] . Neuropeptides, cytokines, growth factors, toxins, complement, lectins, immune complexes, and physical stimuli act as mediators for stimulating the mast cells [11] . Few pathogens like bacteria, viral, and fungal organisms possess pathogen-associated molecular patterns recognised by c-kit, toll like receptors (TLR) 1, 7 and 9, Nod-like receptors, and retinoic acid inducible gene 1-like receptors on the surface of mast cells [12] . They are activated by crosslinking of FcεRI α (FcεRI) molecules with antigens bound to respective antibodies.
This entire process is umpired by three mechanisms. Firstly by release of granules -exocytosis -which helps to increase vascular permeability, stimulates smooth muscle contraction, and degrades microbial substances, tissue damage, and remodelling [13] (Fig. 1) . The second mechanism is secretion of lipid mediators -performing functions like vasodilatation, bronchoconstriction, neutrophil chemotaxis, mucous secretion, and increasing vascular permeability. The last mechanism is biosynthesis and secretion of cytokines, which promotes mast cell proliferation, inflammation, late phase reaction, Th2 cell differentiation, eosinophil production, and activation. These events in turn will be controlled by different mechanisms. Mast cells correspondingly express receptors for numerous components of complement system like CR3, CR4, and CR5 [14] .
Nonetheless, it has been observed that mast cells can also be activated via other pathways and extrinsic signals. These 'alternate pathways' are thought to play an important role in infiltration in tumours (Fig. 2) . Another important aspect of mast cells recently discovered is their ability to change their phenotype according the site and the duration of stimuli to which they are exposed. This is termed 'mast cell plasticity' [15, 16] . Mast cells have a long life and form a heterogeneous population of cells that seem to have both a positive and negative regulatory effect on the immune system. They participate in both innate as well as adaptive immunity. The physiological function of mast cells in epithelium, endothelium, and the nervous system is immune modulatory. They are ubiquitous in taking part in maintaining homeostasis of the body [17, 18] . The mediators induce microbial clearance, debris removal, wound contraction, keratinisation, and proliferation of epithelial cells and fibroblasts. Communication among mast cells and the nervous system ensues through the synaptic-like assemblies via adhesion molecules such as N cadherin or synCAM [4] .
The role of mast cells in tumour biology
The role of mast cells in cancer in still debatable as to whether it helps in tumour progression or has an anti-tumour effect. The principle concept behind its role against tumours is that it is a cell that participates in innate immunity, and it obviously seems to have an anti-tumorigenic effect. However, some authors have proposed that it has a role in progression of tumours. The presence of mast cells in tumours has been found to be an independent prognostic factor and predictor of poor outcome of prostate cancer, mela- Angiogenesis Homeostasis noma, pancreatic cancer, and leukaemia [19] [20] [21] [22] . Increased expression of c-Kit and stem cell factor, which in turn is necessary for the migration, maturation, and survival of mast cells, has been observed in tumours of the breast [23] .
Other than this increased mast cells count and infiltration of mast cells in the stroma have been associated with Merkel cell carcinoma, lung cancer, hepatocellular carcinoma, colorectal cancer, and Hodgkin's and follicular lymphoma [24] . As far as oral squamous cell carcinoma (OSCC) is concerned, it has been observed that there are increased microvessel density and increased mast cell density in OSCC, which can be a reason for poor prognosis [25, 26] . The tumour promotion by mast cells is principally considered to be due to its angiogenic ability. Evidence of degranulation and angiogenesis due to mast cells in pre-malignancy has also been observed in various mouse model studies. Takuji et al. reported an increase in mast cell density, and infiltration into the tumour site was evident, in mice colonic carcinoma (azoxymethane and dextran sodium sulphate induced). There was a significant increase in its presence in the dysplastic lesional areas to carcinomas. Tumour necrosis factor α (TNF-α) is one of the important tumour progression molecules secreted by mast cells at the tumour site [27] .
Mast cells can also modulate haemostasis and blood perfusion in tumours by production of heparin, which acts as an anticoagulant [28] . The other possible methods in which mast cells promote tumours is by their mitogenic ability, deletion of tumour suppressor genes, and activation of certain oncogenes via the c-kit locus [29] . The secretion of proteases, which contributes to extracellular matrix degradation, formation of vascular tube, release of trapped angiogenic factors, and promotion of metastasis is possibly another mechanism by which mast cells promote the tumours [30] . Johansson et al. suggested that orthotopic mouse models showed activity of peri-tumoural mast cells, which increase angiogenic activity with significant expression of fibroblast growth factor-2, simulating the growth of prostate tumours [31] . Chang et al. utilised the K-ras transgenic spontaneous mouse model to demonstrate early infiltration mast cells in the pancreatic ductal adenocarcinoma, which mimic the tumorigenesis as in humans, and correlated the poor prognosis in pancreatic tumours [32] .
The interaction between cancer cells and their microenvironment is very important to both tumour progression and the arrest of its growth. The mast cells have been found to have both direct mitogenic activities on tumour cells as well as an indirect effect on the microenvironment by promoting its invasive potential. This is brought about mainly by heparin and TNF-α [32, 33] . Much less has been said about the ability of mast cells to promote the immune response against tumour growth, although it is well known that mast cells are antigen presenting cells and they promote migration, maturation, and function of dendritic cells, which interact with T and B cells [34] .
Many studies were conducted on mast cell association with cancer to state its accumulation in and around the tissue [35] . Mast cells play an important role by liberating heady pro-angiogenic and angiogenic factors, which aids in tumour interaction with the host, thus supporting tumour progression. Not only was its involvement in tumour progression identified, but also progression of leukoplakia with and without dysplasia to oral squamous cell carcinoma was established. The main factors released are heparin, histamine, chymase, tryptase, basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF), and TGF-β [4] . Epidermal keratinocytes and endothelial cells secrete mast cell growth factor, which aids the migration of the mast cells and moreover the homing of mast cell pioneers to the epithelial tissues. Calcitonin gene-related peptide and substance p helps in degranulation of mast cells to release its products favouring tumour progression [36] . Copious mast cells are seen at the tumour periphery and are involved in the breakdown of collagenous matrix by provoking fibroblasts to yield excess amounts of collagenase [37] .
Tryptase helps in the process of neovascularisation by increasing the number of fibroblasts and matrix reorganisations with type α1 procollagen mRNA. Chymase both directly and indirectly stimulates progelatinase B, which causes proteolysis of extracellular matrix emancipating angiogenic factor VEGF, TNF-α, heparanase, angiopontin 1, IL-18, and FGF. Cytokines especially IL-8 produced by mast cells induce matrix metalloproteinase 2 (MMP-2) facilitating endothelial cell migration assisting angiogenesis. A greater number of mast cells are found with increased number of micro vessels and direct relation of mast cells was found with vascular tube formation [37] . It has the capacity to respond to certain signal transduction pathways thus providing signals by release of mediators like FGF 2, which increases the mitotic activity of the tumour cells. They also secrete TNF-α, which has been implicated in increased expression of MMP-2, MMP-9, and chops type IV collagen helping in invasion [38] (Fig. 3) .
Michailidou et al. mentioned that the presence of mast cells has been correlated with a better prognosis of cancers. Anticancer effects have been found in very few tumours, especially breast cancers. The antitumor effects of mast cells include inhibition of cell growth, amplified inflammatory antitumor response, and they also help in secreting substances that decrease tumour cell motility. Prostacyclin-synthase, which is secreted by the endothelial cells in response to histamine produced by mast cells, eosinophil recruitment, and survival promoted by mast cell tryptase and IL-5, acts as a factor of tumour regression [4] .
Hence, in the process of cancer, mast cells play an important role in tumour progression, cell proliferation, angiogenesis, extracellular matrix degradation, and hence in invasion and metastasis [4] . Until recently, the role of mast cells has been ignored in cancer. Studies, being conducted have revealed that they play a significant role in the progression of cancer [39] . Thus it can be said that targeting the survival/function of mast cells can easily influence the behaviour of cancer cells and ultimately its clinical response.
Evidence-based report on the role of mast cells in oral squamous cell carcinoma
Mast cells originate from haematopoietic precursor cells in bone marrow tissue. Stem cell factor (SCF) is re-ports in neo-angiogenesis, which is mediated by bFGF, TGF, TNF-α, tryptase, and heparin [45] . Mast cells were positively correlated with extracellular matrix degradation. The mast cells play a role in the release and biosynthesis of MMP, which can lead to collagen tissue degradation [46] .
The mast cell population is significantly elevated in oral epithelial dysplasia and oral squamous cell carcinomatous conditions [47] [48] [49] [50] [51] . Investigations suggest that the mast cell population is significantly more increased in oral squamous cell carcinomas than in oral epithelial dysplasia [52] . The increase in mast cell population is significantly positive in tumour front as well as intralesional areas of well differentiated oral squamous cell carcinomas compared to moderately or poorly differentiated oral squamous cell carcinoma [53, 54] . On the other hand, a study has shown that there is no significant increase among well, moderate, or poorly differentiated squamous cell carcinoma [49] . The mast cell population is significantly increased in advanced stages of epithelial dysplasia and oral submucous fibrosis [55] . A molecular epidemiological study on mast cell population revealed a significantly higher number of mast cells in squamous cell carcinoma of skin than oral mucosa. Furthermore, the mast cell population was higher in squamous cell carcinoma of the lip than oral mucosal epithelium. Another study showed that the increase in mast cell population sponsible for migration and circulation into the blood stream, and further entry into distant peripheral tissues [40] . Mast cells that have migrated undergo cellular differentiation and eventually mature in the peripheral tissues. In addition, SCF plays an important role in the survival of mast cells because wells stimulate directional motility of mucosal and connective tissue type of mast cells [41] . Forty-five research studies have been published from the late 1980s until today on mast cell-related oral squamous cell carcinoma research. However, only twenty-two research papers were available as full text in the PubMed database. The results and inference of those full text research studies are summarised in Table 1 .
The location of mast cells in the tumour-host tissue interface reveals that it plays an important role in host defence. Mast cells have the ability to retain preformed mediators that can facilitate immune-regulation, matrix degradation, elastic change, and angiogenesis [42] . The mast cell population is triggered in the ultraviolet exposed areas of dermal carcinomas [43] . On the other hand, some studies demonstrated that the presence, density, and activation of mast cells in oral tissue could be influenced by the chemicals in tobacco smoking [44] . The elevated mast cell population in the tissue plays an imperative role in the modification of the microenvironment during oncogenesis. The presence of mast cells near blood vessels sup- Mast cell and angiogenesis
To evaluate mast cell concentration and microvessel density in perilesional and intra-lesional regions of oral squamous cell carcinoma
Mast cell and angiogenesis
Increased microvessel density and mast cell concentration was observed in both peri-and intralesional regions of oral squamous cell carcinoma. In addition, statistically significant positive correlation between microvessel density and mast cell concentration was observed in both periand intra-lesional regions of oral squamous cell carcinoma tissues [56] was unrelated to the degree of differentiation of the tumour [56] . One study showed serum elevation of mast cell tryptase in patients with oral squamous cell carcinoma, but it was not correlated with the staging of cancer (i.e. nodal involvement and metastasis) [57] . Mast cell and microvessel densities are increased in squamous cell carcinoma and indicate that mast cells may play a role in up-regulation of angiogenesis in oral squamous cell carcinoma [41, 43, 58] . However, three studies revealed that there is no positive correlation between mast cell density and microvessel density in oral squamous cell carcinoma tissues [42, 58, 64] . On other hand, one study revealed a positive correlation between mast cell and microvessel densities in well differentiated but not in moderately or poorly differentiated types [53] . The serum levels of mast cell tryptase were higher in serum samples of oral squamous cell carcinoma patients, but it was not statistically significant. In addition, there was no statistically significant correlation between serum mast cell tryptase levels and tumour stage, nodal involvement, and metastasis Jaafari et al. 2013 [57] Mast cell and angiogenesis
Compare mast cell density with microvascular density to correlate with angiogenic activity in various grades of oral squamous cell carcinomas
The densities of mast cells and microvessels were significantly higher in all grades of oral squamous cell carcinoma. The densities of mast cells and micro vessel were significantly higher in moderately differentiated than in well and poorly differentiated tumours. There was a positive correlation between micro vessel and mast cell density and indicate that mast cell have a role in up-regulation of angiogenesis in oral squamous cell carcinoma Contrarily, one study observed statistically significant correlation between mast cell and microvessel densities in poorly differentiated OSCC [59] . However, Sharma et al., in 2010 , investigated correlation of micro-vascular density with mast cell proliferation and revealed that positive correlation was observed in moderately differentiated lesions but not in well or poorly differentiated types [58] . On the other hand, another study stated that there was significant correlation in mast cell and microvessel density in normal oral mucosa but not in oral squamous cell carcinoma, regardless of the histological grade [60] .
However, a recent investigation showed that mast cell in the perilesional and intra tumoural area of oral squamous cell carcinoma expresses CD105, VEGF, VEGFR1, and VEGFR2 and showed positive correlation with angiogenic activity of the tumour [61] . It also stated a mast cell influence on tumour progression and growth [61] . A recent study investigated cancer stem cell population that expresses CD44, CD133, and CD117 at the invasion front and intra-tumoural areas. Their results suggest that CD 133-and CD117-positive cells were of mast cell origin and could influence angiogenic activity In addition, CD44 has limited utility in identifying cancer stem cell populations, whereas CD133 and 117 appear to be of more limited utility in identifying cancer stem cell populations [62] . Only one study showed that mast cell and MMP-9 densities were positively correlated in oral squamous cell carcinoma and actinic cheilitis. The increase in mast cell density showed an association with tumour progression in OSCC [63] . Mast cell and lymph vessel density were strongly associated in oral squamous cell carcinomatous tissue, but that association did not show a statistical relationship with histological risk assessment model [64] .
Conclusions
Mast cells provoke much debate today regarding their role in a variety of physiological and pathological processes, including cancer. They act as gate keepers of the immune system and in turn respond to many signalling pathways, thus contributing to the process of carcinogenesis and metastasis. Many studies have revealed that mast cell counts were definitely increased along with tumour progression. New therapies targeting the mediators and receptors of mast cells play an important role in controlling the process of tumour progression and metastasis, thus favouring a good prognosis to the patient.
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